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Abstract 

Aim: Obesity and its complications are an increasing problem in developed countries. In 2011, around 500 million people worldwide suffered from obesity (body 
mass index (BMI) >30 kg/m?) and this figure is projected to at least double by 2030. The aim of this study was to investigate the changes in pro-inflammatory, 
anti-inflammatory cytokines and total antioxidant levels (TAC) in obese patients. 

Material and Methods: In our study, IL-6, which is proinflammatory inteukin (IL), and anti-inflammatory IL-33 and total antioxidant levels were determined in 
56 obese patients (BMI>30 kg/m?) and 50 control groups (18.5 <BMI). It is aimed to evaluate <24.9 kg/m2). IL-6 and IL-33 levels were investigated by ELISA 
(Enzyme-Linked Immuno Sorbent Assay) method. 

Results: IL-6 and IL-33 levels were found to be significantly higher in the obese patient group compared to the control group (p<0.05). The total antioxidant 
level was found to be significantly lower in the obese patient group compared to the control group (p<0.001). 

Discussion: Morphological and functional changes that occur in AD during the development of obesity can cause local and systemic inflammation. Released 
cytokines, fatty acids, free radicals and other factors affect the immunological activity of all tissues and cells. Chronic inflammation associated with obesity 
leads to many health complications such as cardiovascular and liver diseases. 
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Introduction 

The prevalence of obesity, which has become a global epidemic, 
has tripled worldwide since 1975. A body mass index (BMI, 
weight in kilograms divided by height in meters squared) equal 
to or greater than 30 is defined as obesity, which is associated 
with increased morbidity and mortality [1]. Obesity is an 
important risk factor for chronic diseases such as cardiovascular 
disease, diabetes mellitus (DM), chronic kidney disease, cancers, 
musculoskeletal disorders and obstructive sleep apnea. More 
than 80% of obese individuals are prone to develop insulin 
resistance during their lifetime. Enlarged adipocytes release 
free fatty acids (FFAs), lipopolysaccharide, reactive oxygen 
species and proinflammatory cytokines, causing lipotoxicity in 
non-adipose organs including the liver, muscle and pancreas. 
Disorganized organelles contribute to systemic inflammation 
that causes insulin resistance by inhibiting insulin signaling 
pathways [2]. 

Inflammation is a sequential cascade of events designed to 
maintain tissue and organ homeostasis. Timely release of 
mediators and expression of receptors are essential for program 
completion and restoration of tissues to their original state [3]. 
In addition, inflammation is a protective tissue response to 
injury or destruction of tissues that serves to destroy or dilute 
both the damaging agent and injured tissues [4]. 

Leptin, interleukin 6 (IL-6), tumor necrosis factor-a (TNF-a), 
monocyte chemoattractant protein-1 (MCP-1), and resistance 
[5]. Obesity, a feature of metabolic syndrome, is associated 
with chronic inflammation in obese subjects [6]. 

Interleukin 6 is a cytokine that mediates inflammatory responses 
and is produced by many different cell types, including immune 
cells and adipose tissue [7]. Unlike other cytokines, IL-6 is 
unusual in that its main effects occur at sites different from 
its source and result from its circulating concentrations. For 
this reason, it is called an endocrine cytokine [8]. Adipose tissue 
produces various pro-inflammatory and _ anti-inflammatory 
factors, including the adipokines leptin, adiponectin, and 
resistin, as well as cytokines and chemokines such as TNF-a, 
IL-6, and MCP-1 [9]. 

Positive relationships between different measures of obesity 
and plasma IL-6 levels have been described [10]. It has been 
calculated that one-third of the total circulating concentrations 
of IL-6 originate from adipose tissue [11]. 

Proinflammatory cytokines overexpressed in obesity are 
considered to be the link between obesity and inflammation [12]. 
Adipose tissue responds to the stimulation of extra nutrients 
through hyperplasia and hypertrophy of adipocytes. The nature 
of adipose tissue is heterogeneous, including endothelium, 
immune cells, and adipocytes [13]. With progressive adipocyte 
growth and obesity, the blood supply to adipocytes may be 
reduced, leading to hypoxia. 

Adipose tissue (AD) is composed of various cell types, including 
adipocytes, preadipocytes, immature adipocyte precursors, 
endothelial cells, and immune cells. Three different types of 
adipocytes found in mammals are white adipocytes, brown 
adipocytes, and beige adipocytes. White adipocytes are the 
main source of storage of excess energy. In contrast, brown 
adipocytes can convert energy into heat. When abnormal or 
excess energy is stored in adipose tissue, expansion of adipose 


tissue begins from established tissue precursors or existing 
adipocytes to form new (hyperplasia) or enlarged adipocytes 
(hypertrophy). Adipocytes function as endocrine regulators to 
modulate energy expenditure and systemic health. They secrete a 
variety of hormones, proteins, and peptides known as adipocyte- 
derived adipokines and are involved in lipid metabolism, insulin 
sensitivity, blood pressure regulation, and inflammation [14]. 
For example, high levels of the proinflammatory markers 
C-reactive protein (CRP) and IL-6 have been found in obese 
individuals and represent risk factors for the development of 
type 2 DM. In addition, other adipokines such as leptin, resistin, 
RBP4 and TNF-a also have proinflammatory effects and affect 
cardiovascular functions [15]. 

In obesity, inflammatory immune cell accumulation in the adipose 
microenvironment is critical for causing insulin resistance and 
metabolic dysfunction. In obese individuals, the number of 
macrophages is increased and they participate in inflammatory 
pathways. Macrophage infiltration increases in adipose tissues 
that transition to a proinflammatory microenvironment [16]. 
In obesity, adipocytes become hypertrophic and disorganized, 
resulting in inflammatory changes in adipose tissue with the 
secretion of interferon-y (IFN-y) and TNF-a [17]. The adipose 
microenvironment is disrupted and enriched in M1-polarized 
ATMs, CD8+ T cells, type 1 T helper (Th1) cells, Th17 cells, and 
neutrophils [18]. Inflammatory cytokines or chemokines such as 
IL-6, IL-1B, IL-18, MCP-1, IL-8, and CXCL5 were higher in obese 
subjects and needed to activate or recruit immune cells. 


Material and Methods 

Between March 2023 and June 2023, obese patients between 
the ages of 18 and 40 who were followed up routinely in Biruni 
University Hospital, Internal Medicine and General Surgery 
outpatient clinics were included in the study. A total of 106 
volunteers were included in the study. There were two patient 
groups: patients diagnosed with obesity (n=56) and non-obese 
controls (n=50). 

Anthropometric measurements (BMI) and demographic data 
(age, height and weight) of the individuals included in the study 
were examined. Venous blood samples were collected from all 
subjects. Blood samples (serum) were collected in tubes without 
anticoagulants, centrifuged at 3,000 rpm for 10 minutes, and 
stored at -80°C until analysis. 

IL-33, IL-6 and total antioxidant capacity (TAC) determinations 
in patients were evaluated by ELISA (Enzyme-Linked Immuno 
Sorbent Assay) method. Reagents in ELISA kits (BT-LAB, 
Shanghai Korain Biotech) were prepared and studied in 
accordance with the procedure. IL-33 (Cat. No: E0044Hu), IL-6 
(Cat. No: EOOSOHu) and total antioxidant capacity assays (Cat. 
No: E4350Hu). The calibration standard curve graph was drawn 
from the absorbance values obtained as a result of the study. 
IL-33, IL-6 and total antioxidant concentrations of patient 
serum samples were calculated using the calibration standard 
curve graph formula. 

Prism 9.1.1 (GraphPad Software, La Jolla, CA) was used for all 
statistical analyses and significance was noted when P < 0.05. 
Differences between the groups were compared by the Mann- 
Whitney U test. Relationships between variables were tested by 
Spearman’s rank correlations. A two-way ANOVA test was used 
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to compare the differences in cytokine and TAC concentrations. 
Ethical Approval 

Ethics Committee approval for the study was obtained. 
This study was approved by the Ethics Committee of Biruni 
University (Date: 2023-03-29, No: 2023/79-33). 


Results 

Demographic characteristics, anthropometric measurements 
and biochemical parameters of the study subjects are presented 
in Table |. Obese and control groups had similar maternal age 
(34 + 2.1 vs.35 + 2.3 years, p>0.05). The age of the obese 
patients ranged from 27 to 42; the age of the control subjects 
ranged from 25 to 41 years. The BMI in the obese patient group 
was significantly higher than in the control group (30.41 + 3.21 
vs. 21.23 + 3.42 kg/m2, p<0.05). CRP (mg/L) in the obese patient 
group was significantly higher than in the control group (10.96 
+ 2.06 vs. 3.61 + 0.72, p<0.001). The level of triglycerides (mg/ 
dl) was found to be significantly higher in the obese patient 
group (172.13 + 1.84) compared to the control group (101.21 + 
1.48, p<0.05). The level of Total cholesterol (mg/ dl) was found 
to be significantly higher in the obese patient group (224.76 + 
2.41) compared to the control group (97.57 + 2.84, p<0.001). 
HDL-cholesterol (mg/dl) levels were found to be significantly 
higher in the obese patient group (41.62 + 1.39) compared to 
the control group (55.98+ 1.5, p<0.05) (Table 1). 

Levels of IL-6, IL-33 cytokines and TAC in patients with obesity 
and controls 

IL-6 concentration levels in the obese patient group (1.76 + 
0.44) were determined to be higher than in the control group 
(0.79 + 0.3, p<0.05). IL-33 concentration levels in the obese 
patient group (1.05 + 0.39) were determined to be higher than 
in the control group (0.67 + 0.27, p<0.05). TAC in the control 
group (9.26 +1.58) was determined to be significantly higher 
than in the obese patient group (2.8 + 0.46, p<0.001) (Table 2). 


Table 1. Clinical characteristics of the study participants. 


Obese Patient Group 


Control Group 


Variable (m+SD) 


(m+SD) 


Age (year) 34 + 2.1 (27-42) 35 + 2.3 (25-41) >0.05 
BMI (kg/m?) 30.41 + 3.21 21.23 + 3.42 <0.05 
CRP (mg/L) 10.96 + 2.06 3.61 + 0.72 <0.001 
Triglycerides (mg/dl) 172.13 + 1.84 101.21 + 1.48 <0.05 
Total cholesterol (mg/dl) 224.76 + 2.41 97.57 + 2.84 <0.001 
HDL-cholesterol (mg/dl) 41.62 + 1.39 55.98+ 1.5 <0.05 


HDL: High-density lipoprotein; LDL: Low-density lipoprotein; CRP: C-Reaktif Protein; BMI: 
Body mass index. 


Table 2. Serum levels of cytokines and TAC of patients with 
and without obesity. 


Obese Patient Group 


Control Group 


Variable 
(+ss) 


(+ss) 


IL-6 (pg/ml) 1.76 + 0.44 0.79 + 0.3 <0.05 
IL-33 (pg/ml) 1.05+ 0.39 O67 E027 <0.05 
TAC (ng/ml) 2.8 + 0.46 9.26 +1.58 <0.001 


IL: Interleukin; TAC: Total Antioxidant Levels 


Discussion 

In our study, in 56 obese patients and 50 controls, IL-6 as pro- 
inflammatory interleukin, IL-33 and TAC as anti-inflammatory 
interleukin were evaluated. 

Ill4n-Gémez et al. [19] evaluated inflammatory mediators in 
morbidly obese patients after undergoing bariatric surgery, and 
they found that IL-6 levels decreased significantly and correlated 
with BMI after 12 months of surgery (r = 0.53, p < 0.001) and 
IL- 6 was associated with high CRP levels. Arnardottir et al. [20], 
in their study evaluating the interaction between obstructive 
sleep apnea and obesity in IL-6 individuals aged +50 years, the 
patients were divided into three groups according to BMI (< 30, 
30-35 and = 35 kg/m2) and their IL-6 levels were 1.3, 1.3, 1.6 
and 2.2 pg/ml showed the relationship between BMI and IL-6. 
Fontana et al. [21], in a study where they tested the level of IL-6 
and other inflammatory markers between the portal vein and 
peripheral artery among 25 morbidly obese patients who had 
undergone gastric bypass surgery in St. Louis, Missouri, they 
suggested that visceral fat promotes systemic inflammation by 
secreting inflammatory adipokines into the portal circulation 
that drains visceral fat. In the study, in which the mean plasma 
IL-6 concentration was shown to be approximately 50% higher 
in the portal vein than in the peripheral artery (p = 0.007), portal 
vein IL-6 concentration was reported to be directly correlated 
with systemic CRP concentrations (r = 0.544, p = 0.005). 
Wannamethee et al. [22], in their study investigating the 
relationship of IL-6 with metabolic abnormalities in non-diabetic 
elderly British individuals, showed that, after adjusting for age, 
an increase in both BMI and waist circumference increased 
IL-6 levels. IL-6 averages were 2.23, 2.39, and 2.61 pg/ml and 
were associated with BMI, respectively (< 25.08, 25.08-27.79, 
and = 27.8 kg/m2). In our study, IL-6 levels were found to be 
significantly higher in the obese patient group (1.76 + 0.44 pg/ 
ml) compared to the control group (0.79 + 0.3 pg/ml) (p<0.05). 
In some studies based on obese mouse models, it has been 
suggested that IL-33 can reduce adiposity, induce anti- 
inflammatory effects in adipose tissue, and improve glucose 
and lipid metabolism (28, 29, 30). However, there are no data 
showing a specific correlation between circulating IL-33 level 
and human obesity and related metabolic disorders. In our 
study, we tried to show the correlation between human obesity 
and its associated metabolic disorders. In our study, IL-33 levels 
were found to be significantly higher in the obese patient group 
compared to the control group. (p<0.05). 

Mahlakdiv et al. [24] found that adipose-derived IL-33 is 
upregulated in response to a short-term high-fat diet, promoting 
Th2 immune response and inducing anti-inflammatory response 
to maintain tissue homeostasis; this suggests that adipose 
tissue may stabilize local inflammatory responses. 

The pathophysiological characteristics of IL-33 may depend 
on its secreting cell and its transient expression, as IL-33 can 
be secreted in an autocrine or endocrine fashion by a variety 
of cells or tissues. Thus, the correlation between the serum 
level of IL-33 and its tissue expression in different depots 
may be more complex. Most previous studies have shown that 
exogenous IL-33 instead of endogenous IL-33 can regulate 
glucolipid metabolism and inflammation in obesity [25]. The 
question of whether endogenous IL-33 can fully maintain the 
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immune balance of obese adipose tissue is controversial and 
more research is needed. 

Conclusion 

Morphological and functional changes that occur in AD during 
the development of obesity may cause local and systemic 
inflammation. Released cytokines, fatty acids, free radicals and 
other factors affect the immunological activity of all tissues 
and cells. Chronic inflammation associated with obesity leads 
to many health complications such as cardiovascular and 
liver diseases. There is a need for a larger sample size and 
multidisciplinary study with more parameters in this area. 
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